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PJTRODUCTION 

T h e  D e p a r t m e n t  Of D e f e n c e  h a s  man- 
d a t e d  t h e  u s e  o f  Ada o n  u p c o m i n g  projects  
i n v o l v i n g  e m b e d d e d  s y s t e m  s o f t w a r e .  N A S A  
h a s  a l s o  i n d i c a t e d  t h a t  A d a  h a s  b e e n  base- 
l i n e d  f o r  t h e  Space S t a t i o n  p r o j e c t .  Both  
of t h e s e  d e c i s i o n s  w i l l  r e q u i r e  t h e  con- 
t r a c t o r  c o m m u n i t y  t o  t r a n s i t i o n  f r o m  t h e i r  
c u r r e n t  non-Ada p r o g r a m m i n g  e n v i r o n m e n t s .  
E x i s t i n g  s o f t w a r e ,  t h a t  is p r o v e n  a n d  
v a l i d a t e d ,  w i l l  m o s t  l i k e l y  c o n t i n u e  t o  be 
u s e d  d u r i n g  t h e  t r a n s i t i o n  p e r i o d .  During 
t h i s  p e r i o d  new Ada programs a n d  e x i s t i n g  
p r o g r a m s  i n  o t h e r  l a n g u a g e s  may n e e d  t o  be 
i n  t e rf a c e d .  

A .  m y r i a d  o f  p o s s i b i l i t i e s  e x i t s  f o r  
t h e  s o l u t i o n  o f  t h e  t r a n s i t i o n  problem. 
One se t  o f  s o l u t i o n s  d e a l s  w i t h  t r a n s -  
l a t i n g  t h e  s o u r c e  code o f  t h e  o t h e r  l a n -  
guage i n t o  Ada s o u r c e  code or t h e  i n t e r m e -  
d i a t e  l a n g a u q e  u s e d  b y  t h e  c h o s e n  Ada 
c o m p i l e r .  A n o t h e r  s o l u t i o n  i n v o l v e s  a 
special i n t e r f a c e  s u b r o u t i n e  t h a t  s w i t c h e s  
f r o m  t h e  Ada r u n  t i m e  e n v i r o n m e n t  t o  t h e  
r u n  t i m e  e n v i r o n m e n t  o f  t h e  o t h e r  lan- 
guage .  T h e  l a t t e r  s o l u t i o n  w i l l  be exam- 
ined .  

T h e  a b o v e  m e n t i o n e d  non-Ada program- 
ming e n v i r o n m e n t s  c o n s i s t  of many d i f f e r -  
e n t  p r o g r a m m i n g  l a n g u a g e s  l i k e  FORTRAN. 
PASCAL a n d  HAL/S. While  e a c h  o f  t h e s e  
l a n g u a g e s  is u n i q u e ,  t h e y  a r e  a l l  m e m b e r s  
o f  t h e  ALGOL f a m i l y  o f  p r o g r a m m i n g  lan- 
g u a g e s  a n d  s h a r e  many i m p l e m e n t a t i o n  c h a r -  
acter is t ics .  T h e r e f o r e ,  a n  i n t e r f a c e  s u b -  
r o u t i n e  c a n  be a n a l y z e d  f o r  a n y  o n e  of  
t h e s e  l a n g u a g e  a n d  t h e  r e s u l t s  c a n  t h e n  be 
e x t e n d e d  t o  t h e  r e m a i n i n g  l a n g u a g e s .  HAL/S 
w a s  c h o s e n  f o r  t h i s  examinat ion .  

T h e  H A L / S  360 compiler w h i c h  r u n s  
u n d e r  t h e  IBM M V S  O p e r a t i n g  Sys tem a n d  t h e  
Ada compiler w h i c h  r u n s  u n d e r  t h e  IBM 
VM/SL O p e r a t i n g  S y s t e m  were s e l e c t e d  f o r  
t h i s  s t u d y .  T h e  p r i m a r y  criteria f o r  t h e  
s e l e c t i o n  o f  t h e  HAL/S a n d  Ada compilers 
was t h a t  t h e y  were  h o s t e d  o n  t h e  same 
m a c h i n e  a r c h i t e c t u r e .  B o t h  compilers were 
d e v e l o p e d  by I n t e r m e t r i c s .  
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I n  t h i s  s e c t i o n ,  t h e  g e n e r a l  i s s u e s  

i n v o l v e d  i n  i n t e r f a c i n g  a n y  two d i f f e r e n t  
h i g h - l e v e l  l a n g u a g e s  w i l l  be e x p l o r e d .  
T h i s  e x p l a n a t i o n  w i l l  o u t l i n e  t h e  d i rez-  
t i o n  t a k e n  b y  t h e  f o l l o w i n g  s e c t i o n s .  Snd  
s h o u l d  h e l p  i n  p r o v i d i n g  a n  o v e r v i e w  of 
t h e  i n t r i c a c i e s  i n v o l v e d  i n  s u c h  a n  i n t o -  
gra t i o n .  

The Language Envirorrcnt 

Along w i t h  a n y  P r o g r a m m i n g  L a n g u a g e  
comes a se t  of a s s u m p t i o n s  u n d e r  which 
t h a t  l a n g u a g e  is r u n .  T h i s  set of assump-  
t i o n s  c a n  be called t h e  e n v i r o n m e n t  of 
t h a t  l a n g u a g e ,  a n d  c o n s i s t s  o f  b o t h  a l g o -  
r i t h m s  a n d  data  s t r u c t u r e s .  While t h e s e  
may c o v e r  a v a r i e t y  o f  s u b j e c t  mat te r .  
m o s t  Algol-like l a n g u a g e  e n v i r o n m e n t s  c a n  
be u n d e r s t o o d  t h r o u g h  a f e w  basic i d e a s .  

T h e  f i r s t  of t h e s e  basic  i d e a s  is 
known a s  a r u n - t i m e  s t ack .  I n  g e n e r a l ,  
t h e  r u n - t i m e  s t a c k  is u s e d  t o  k e e p  track 
of local data  a n d  register c o n t e n t s  across 
p r o c e d u r e  calls a s  t h e  p r o g r a m  is b e i n g  
e x e c u t e d ,  I n  t h i s  w a y ,  t h e  i n t e g r i t y  of a 
procedure c a n  be m a i n t a i n e d  w h i l e  control 
is passed  t o  a s u b p r o c e d u r e ,  a n d  ther? 
restored when t h e  s u b p r o c e d u r e  r e t u r n s .  

A n o t h e r  of t h e s e  basic i d e a s  c o n c e r n s  
t h e  i n t e r n a l  r e p r e s e n t a t i o n  o f  da t a .  For 
example, o n e  l a n g u a g e  e n v i r o n m e n t  might 
u s e  a s i g n e d  m a g n i t u d e  r e p r e s e n t a t i o n  f o r  
i n t e g e r s  w h i l e  a n o t h e r  m a y  u s e  t w o s  c o m -  
p l e m e n t  f o r m .  N a t u r a l l y  s u c h  d e t a i l s  are 
n o t  a n  i n t e r f a c i n g  c o n c e r n  when a c a l l r n g  
p r o c e d u r e  a n d  t h e  called s u b p r o c e d u r e  a re  
w r i t t e n  i n  t h e  same l a n g u a g e .  However ,  
care m u s t  be t a k e n  t o  e n s u r e  t h a t  t h e s e  
i n t e r n a l  r e p r e s e n t a t i o n s  a r e  i d e n t i c a l  
when two d i f f e r e n t  l a n g u a g e s  are involved .  

A f i n a l  basic c o n c e p t  i n v o l v e s  t h e  
m a n a g i n g  of r u n - t i m e  e r r o r s .  c o m m o n l y  
known a s  e x c e p t i o n  h a n d l i n g ,  Most o f t e n ,  a 
l a n g u a g e  e n v i r o n m e n t  w i l l  p r o v i d e  a large 
c o l l e c t i o n  o f  p r o c e d u r e s  c a l l e d  a r u n - t i m e  
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l ib rary  w h i c h  c o n t a i n s  t h e  mechan i sms  f o r  
d e a l i n g  w i t h  t h e s e  e r r o r s .  However ,  s i n c e  
two d i f f e r e n t  l a n g u a g e s  w i l l  u s e  two sepa- 
r a t e  r u n - t i m e  l i b r a r i e s ,  a n  e r r o r  occur- 
r i n g  i n  a s u b p r o c e d u r e  of o n e  language  
would p r o b a b l y  n o t  be u n d e r s t o o d  b y  t h e  
c a l l i n g  p r o c e d u r e  of  t h e  o t h e r  l a n g u a g e .  
T h i s  would  p r e v e n t  t h e  c a l l i n g  p r o c e d u r e  
f r o m  r e s p o n d i n g  t o  t h e  e r r o r  i n  a p r o p e r  
manner. 

The Basic Interface 

In  l i g h t  of t h e  p r e v i o u s  d i s c u s s i o n ,  
t h e  i n t e r f a c e  b e t w e e n  two  d i s t i n c t  lan- 
g u a g e s  b e c o m e s  a ma t t e r  of  swi t ch ing  envi -  
r o n m e n t s .  To  a c c o m p l i s h  t h i s  a t  run-time. 
a special l i nk ing  s u b r o u t i n e  would need  t o  
be i n v o k e d  f r o m  t h e  run - t ime  l ibrary of 
t h e  c a l l i n g  p r o c e d u r e .  T h i s  s u b r o u t i n e  
would p r o v i d e  t h e  mechanism f o r  s a v i n g  t h e  
p r e s e n t  e n v i r o n m e n t  o f  t h e  c a l l i n g  Pro- 
c e d u r e  a n d  i n i t l a  t i n s  t h e  new e n v i r o n m e n t .  
In  t u r n ,  u p o n  t e r m i n a t i o n  of t h e  called 
s u b p r o c e d u r e ,  t h i s  s u b r o u t i n e  would  r e g a i n  
c o n t r o l  a n d  r e i n s t a t e  t h e  o ld  environment.  

Ada p r o v i d e s  a n  i n s t r u m e n t  f o r  i n t e r -  
f a c i n g  w i t h  o t h e r  l a n g u a g e s  called t h e  
PRAGMA INTERFACE d i r e c t i v e .  T h e  s e c t i o n s  
t h a t  f o l l o w  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
de ta i l s  n e c e s s a r y  f o r  imp lemen t ing  t h i s  
mechanism. 

P a r a m e t e r  Parsing 

Almost  e v e r y  s u b r o u t i n e  m a k e s  u s e  of 
parameter p a s s i n g ,  w h e t h e r  i t  accepts some 
v a l u e  or  v a l u e s  a s  inpu t ,  or produces  some 
o u t p u t ,  or b o t h .  T h i s  p r o c e s s  of e x -  
c h a n g i n g  i n f o r m a t i o n  be tween p r o c e d u r e s  is 
p a r t  of  a l a n g u a g e  e n v i r o n m e n t  a n d  t h u s  
w i l l  m o s t  l i k e l y  v a r y  f r o m  o n e  l a n g u a g e  t o  
a n o t h e r .  I n  regards t o  t h e  H A L / S  a n d  A d a  
c o m p i l e r s  c i ted ,  t h e  d i s c r e p a n c i e s  are 
drama tic. 

The Proocdure Cal l  

In  m o s t  c a s e s ,  a l l  parameters are 
p a s s e d  t h r o u g h  registers t o  t h e  called 
s u b r o u t i n e .  However ,  when t h e r e  are n o t  
e n o u g h  registers for  a l l  of t h e  p a r a m -  
eters.  a n o t h e r  method is p u r s u e d .  Th i s  
method u s u a l l y  i n v o l v e s  p l a c i n g  t h e  param- 
eter i n  t e m p o r a r y  s t o r a g e  a n d  p a s s i n g  t h e  
address  o f  t h i s  l o c a t i o n  i n s t e a d  t o  t h e  
called subprocedu  re. 

B o t h  H A L / S  a n d  Ada comply w i t h  t h e  
c o n v e n t i o n s  o u t l i n e d  a b o v e .  H o w e v e r .  t h e  
s p e c i f i c  registers u s e d  b y  t h e  t w o  lan- 
g u a g e s  t o  a c c o m p l i s h  t h e s e  s t a n d a r d s  are 
n o t  t h e  same. F o r  example  HAL/S a n d  Ada 
u s e  a d i f f e r e n t  regis ter  f o r  a d d r e s s i n g  
t h e  temporary storage area where t h e  ove r -  
f l o w  parameters  a r e  s t o r e d .  I n  add i t ion .  
Ada m a y  s t o r e  its parameters  i n  m o r e  t h a t  
o n e  place, d e p e n d i n g  on  w h e t h e r  or n o t  

t h e y  were d y n a m i c a l l y  a l l o c a t e d .  Any 
i n t e r f a c i n g  s u b r o u t i n e  would  h a v e  t o  map 
o n e  set of register c o n v e n t i o n s  t o  t h e  
o t h e r  a n d  a l s o  be aware o f  t h e  d i f f e r e n t  
l o c a t i o n s  w h e r e  t h e  o v e r f l o w  parameters  
are stored. 

The ?unction Cal l  I 

F u n c t i o n s ,  u n l i k e  p r o c e d u r e s ,  r e t u r n  
a v a l u e  t o  t h e  c a l l i n g  p r o c e d u r e .  T h i s  
v a l u e  is r e t u r n e d  v i a  t h e  u s e  of  a regis- 
ter .  A s  w a s  t r u e  w i t h  Parameter p a s s i n g .  
t h i s  register may c o n t a i n  either t h e  ac- 
t u a l  v a l u e  or a r e f e r e n c e  t o  t h e  l o c a t i o n  
w h e r e  t h e  v a l u e  is s a v e d .  Again ,  each 
l a n g u a g e  w i l l  u s e  d i f f e r e n t  c o n v e n t i o n s  
f o r  r e t u r n i n g  t h i s  v a l u e .  In  f a c t ,  t h e  
H A L / S  a n d  Ada c o m p i l e r s  c i t ed  u t i l i z e  
dif  f e r e n t  regis ters f o r  t h i s  pu rpose .  

D a t a  Represents tion 

A prob lem related t o  parameter pas- 
s i n g  arises f r o m  how e a c h  l anguage  c h o o s e s  
t o  r e p r e s e n t  its da ta  t y p e s .  T h e r e  are a 
v a r i e t y  o f  f a c t o r s  i n v o l v e d  i n  d a t a  repre- 
s e n t a t i o n  i n c l u d i n g  t h e  number  o f  b y t e s  
u s e d .  i n d e x i n g  s c h e m e s .  v a l u e  restric- 
t i o n s .  a n d  t h e  a l g o r i t h m  e m p l o y e d  f o r  
pack ing  t h e  r e p r e s e n t a t i o n s  t o  s a v e  space. 
S i n c e  e a c h  l a n g u a g e  w i l l  d i f f e r  i n  its 
m e t h o d s  of r e p r e s e n t a t i o n .  s o m e  scheme f o r  
c o n v e r t i n g  da t a  b e t w e e n  r e p r e s e n t a t i o n s  
would h a v e  t o  be implemen ted  b e f o r e  any  
i n t e r f a c i n g  would be poss ib l e .  

The  Run-Time Stack 

T h e  objec t ive  of t h e  r u n - t i m e  s t a c k  
is t o  k e e p  t r a c k  o f  t h e  f low of a program 
d u r i n g  its e x e c u t i o n ;  namely ,  t o  r e c o r d  
t h e  dynamic  n e s t i n g  o f  t h e  called proce-  
d u r e s .  To a c c o m p l i s h  t h i s ,  t h e  run-time 
s t a c k  c o n t a i n s  t h e  i n f o r m a t i o n  n e c e s s a r y  
t o  describe t h e  s t a t e  of  t h e  p r o g r a m  a t  
a n y  p o i n t  d u r i n g  its e x e c u t i o n .  T h e  pa r -  
t i c u l a r s  o f  t h e  run - t ime  s t a c k  a r e  a l s o  
implementation dependent .  

The R A L S  Run-Time Stack 

HAL/S h a s  a v e r y  s t r a i g h t f o r w a r d  
a p p r o a c h  t o  its run- t ime  s t a c k  d e s i g n .  I t s  
r u n - t i m e  s t a c k  is d i v i d e d  i n t o  " s t a c k  
f r a m e s , "  o n e  f o r  e a c h  p r o c e d u r e  c u r r e n t l y  
b e i n g  e x e c u t e d .  T h e s e  s t a c k  f r a m e s  are  
f u r t h e r  d i v i d e d  i n t o  two  s e c t i o n s ,  T h e  
f i r s t  o f  t h e s e  is of  a c o n s t a n t  s i z e  a n d  
c o n t a i n s  t h e  fo l lowing :  a register s a v e  
area,  a n  area f o r  t h e  c u r r e n t  c o d e  base. 
a n d  a workspace f o r  e x c e p t i o n  handling. 
T h e  second s e c t i o n  is o f  v a r i a b l e  size a n d  
is u s e d  t o  s t o r e  t h e  p r o c e d u r e ' s  local and  
t e m p o r a r y  v a r i a b l e s .  T h e  u s e s  of t h e s e  two 
s e c t i o n s  are explained belnw. 

When a s u b p r o c e d u r e  is called. a new 
stack f r ame  is created and  p laced  o n t o  t h e  
s t ack .  T h e  c o n t e n t s  of  a l l  t h e  c a l l i n g  



p r o c e d u r e ’ s  registers a r e  t h e n  s t o r e d  i n  
t h e  regis ter  s a v e  a rea  of t h i s  new stack 
frame.  I n  t u r n ,  when t h e  called s u b p r o c e -  
d u r e  r e t u r n s  c o n t r o l  t o  t h e  c a l l i n g  proce- 
d u r e  t h e s e  s t o r e d  register c o n t e n t s  are 
replaced i n t o  t h e i r  appropriate  registers. 
I n  t h i s  w a y ,  t h e  c a l l i n g  p r o c e d u r e ’ s  reg- 
i s t e r  c o n t e n t s  a r e  n o t  v i o l a t e d  by t h e  
called s u b p r o c e d u r e .  T h e  r e m a i n i n g  f i x e d  
p o r t i o n  o f  t h e  s t a c k  frame p r o v i d e s  t h e  
p r o c e d u r e  w i t h  r u n - t i m e  c o n t r o l  i n f o r m a -  
t i o n .  T h i s  i n f o r m a  t i o n  i n c l u d e s :  t h e  
l o c a t i o n  o f  t h e  f i r s t  e x e c u t a b l e  i n s t r u c -  
t i o n  f o r  t h e  c u r r e n t  p r o c e d u r e ,  a tempo- 
r a r y  workspace.  a n d  a l i n k  t o  t h e  e r r o r  
library. 

T h e  s e c o n d  s e c t i o n  o f  t h e  r u n - t i m e  
s t a c k  is l e f t  f o r  t h e  local a n d  temporary  
v a r i a b l e s  o f  t h e  s u b p r o c e d u r e  b e i n g  e x e -  
c u t e d .  T h e  s ize  of t h i s  s e c t i o n  v a r i e s  
f r o m  p r o c e d u r e  t o  p r o c e d u r e  d e p e n d i n g  on  
each  p r o c e d u r e ’ s  n u m b e r  o f  local  a n d  t e m -  
p o r a r y  var iables .  T h e  s i z e  o f  each  p r o c e -  
d u r e  s t a c k  f r a m e ,  h o w e v e r .  is d e t e r m i n e d  
a t  compile t i m e .  So w h i l e  s t a c k  f r a m e  
s i z e s  m a y  v a r y  from p r o c e d u r e  t o  proce- 
d u r e ,  e a c h  p r o c e d u r e ’ s  p a r t i c u l a r  s t a c k  
f r a m e  size is f i x e d  a t  e x e c u t i o n  t i m e .  

The R e a l  Time E x e c u t i v e  

Real t i m e  e x e c u t i v e s  a re  u s e d  t o  
s y n c h r o n i z e  a n d  allow c o m m u n i c a t i o n  be- 
t w e e n  t w o  i n d e p e n d e n t l y  e x e c u t i n g  pro- 
grams.  Any program w h i c h  d e p e n d s  upon 
s o m e  rea l  w o r l d  e v e n t  w i l l  d e p e n d  upon a 
rea l  t i m e  e x e c u t i v e  f o r  p roper  e x e c u t i o n .  
T h e  i n t e r n a l  m e c h a n i s m s  which  i m p l e m e n t  
r e a l  t i m e  e x e c u t i v e s  a r e  n o n t r i v i a l  a n d  
v a r y  wide ly  a m o n g  t h e  l a n g u a g e s  t h a t  p r o -  
v i d e  real  t i m e  f e a t u r e s .  A l t h o u g h  H A L / S  
a n d  Ada b o t h  h a v e  a p o w e r f u l  se t  o f  real  
t i m e  e x e c u t i v e  t o o l s ,  t h e s e  t o o l s  a re  
u n a l i k e  a n d  t h e y  r e q u i r e  d i f f e r e n t  ap- 
p r o a c h s  b y  t h e  a p p l i c a t i o n s  p r o g r a m m e r  for 
s o l v i n g  real  t i m e  p r o b l e m s ,  B e c a u s e  t h e i r  
s e t s  of r e a l  t i m e  e x e c u t i v e s  a re  n o t  t h e  
s a m e ,  t h e  H A L / S  a n d  A d a  l a n g u a g e  e n v i r o n -  
m e n t s  w i l l  i n c o r p o r a t e  d i f f e r e n t  implemen- 
t a t i o n  schemes.  To i n t e r f a c e  t h e s e  t w o  
sets o f  real t i m e  e x e c u t i v e s  would pose a n  
e x t r e m e l y  i n v o l v e d  c h a l l e n g e .  

The Run-Time L i b r a r y  
a 

E v e r y  l a n g u a g e  h a s  a se t  o f  p r i m i t i v e  
u t i l i t i e s  which  i t  u s e s  r e p e t i t i v e l y .  T h i s  
s e t  of u t i l i t i e s  is commonly called t h e  
r u n - t i m e  l ib rary .  T h e  r u n - t i m e  l i b ra ry  is 
a u t o m a t i c a l l y  l i n k e d  w i t h  t h e  program’s 
ob)ec t  m o d u l e  b e f o r e  e x e c u t i o n .  A s  a re- 
s u l t ,  e v e r y  p r o c e d u r e  or s u b p r o c e d u r e  o f  
t h e  program c a n  employ  a n y  r o u t i n e  pro- 
v i d e d  by t h e  run-t ime library. 

Of c o u r s e ,  each l a n g u a g e  w i l l  h a v e  a 
u n i q u e  r u n - t i m e  l ib rary .  One o f  t h e  more 
s i g n i f i c a n t  p rob lems  a r i s i n g  f r o m  t h i s  
c o n c e r n s  e r r o r  h a n d l i n g .  When a n  error  
o c c u r s  d u r i n g  t h e  e x e c u t i o n  o f  a program, 
t h e  problem is m o s t  o f t e n  m a n a g e d  b y  a 
r o u t i n e  i n  t h e  r u n - t i m e  l i b ra ry .  I f  t h i s  

were t o  h a p p e n  i n  a ca l led  s u b p r o c e d u r e  of 
a d i f f e r e n t  l a n g u a g e ,  t h e r e  w o u l d  be n o  
g u a r a n t e e  t h a t  t h e  process  u s e d  t o  h a n d l e  
t h e  e r ror  w o u l d  be u n d e r s t o o d  by t h e  cal- 
l i n g  p r o c e d u r e .  T h i s  problem is i m p o r t a n t  
b e c a u s e  some e r r o r s  m a y  r e q u i r e  t e r m i n a -  
t i o n  o f  t h e  program. T h u s ,  if  t h e  ca l led  
s u b p r o c e d u r e  w e r e  t o  force  t e r m i n a t i o n  
be fo re  r e t u r n i n g  c o n t r o l ,  t h e  c a l l i n g  p r o -  
c e d u r e  w o u l d  n o t  be able t o  e x i t  i n  a 
g r a c e f u l  m a n n e r ,  T h i s  c o u l d  r e s u l t  i n  a 
l o s s  of p e r t i n e n t  i n f o r m a t i o n ,  Addit ion-  
a l l y ,  similar e r r o r s  may be h a n d l e d  w i t h  
d i f f e r e n t  l e v e l s  of s e v e r i t y  by d i f f e r e n t  
l a n g u a g e  e n v i r o n m e n t s .  I n  p a r t i c u l a r ,  w h a t  
may c a u s e  a HAL/S program t o  t e r m i n a t e  m a y  
o n l y  ra ise  a n  e x c e p t i o n  i n  a n  Ada program. 
T h i s  p r e s e n t s  a f o r m i d a b l e  problem f o r  t h e  
i n t e r f a c i n g  su br ou t i n e .  

Overvien of a n  Interface S u b r o u t i n e  

T h e  i n t e r f a c e  s u b r o u t i n e  w o u l d  oper- 
a t e  i n  a s t r a i g h t f o r w a r d  m a n n e r .  T h e  rou- 
t i n e  w o u l d  f i r s t  load t h e  passed  parame- 
t e r s  i n t o  t h e  regis ters .  A p a r a m e t e r  
w o u l d  be passed e i t h e r  b y  its a c t u a l  v a l u e  
or b y  a p o i n t e r ,  a m a c h i n e  a d d r e s s .  Veri- 
f y i n g  t h a t  t h e  pa rame te r s  were pas sed  i n  
t h e  correct  f o r m a t  w o u l d  be t h e  r e s p i r , -  
s i b i l i t y  o f  t h e  Ada a p p l i c a t i o n s  program-  
mer. 

T h e  n e x t  s t e p  i n  t h e  i n t e r f a c e  sub- 
r o u t i n e  w o u l d  be t o  i n i t i a l i z e  a new HAL/S 
s tack  f r a m e  a n d  b r a n c h  t o  t h e  e n t r y  p o i n t  
o f  t h e  HAL/S e x e c u t a b l e  c o d e ,  D u r i n g  e x e -  
c u t i o n ,  calls  t o  t h e  HAL/S r u n - t i m e  li- 
b ra ry  may be m a d e .  To g u a r a n t e e  proper 
e x e c u t i o n .  t h e  Ada a p p l i c a t i o n s  p r o g r a m m e r  
w o u l d  h a v e  t o  i n c l u d e  a l l  n e e d e d  HAL/S 
r u n - t i m e  l i b r a r y  r o u t i n e s  i n  t h e  l o a d  
m o d u l e .  Upon f i n i s h i n g  t h e  normal  e x e c u -  
t i o n  o f  t h e  H A L / S  code,  a b r a n c h  would be 
made back t o  t h e  l i n k i n g  s u b r o u t i n e  a n d  
t h e  o l d  s t a c k  f r a m e  w o u l d  be p o p p e d  o f f  
t h e  s t a c k .  

F i n a l l y ,  t h e  i n t e r f a c e  s u b r o u t i n e  
w o u l d  r e m o v e  t h e  p a s s e d  parameters f r o m  
t h e  reg is te rs .  B e f o r e  a s s i g n i n g  t h e s e  
v a l u e s  t o  t h e i r  a p p r o p r i a t e  memory loca- 
t i o n s ,  c o n s t r a i n t  c h e c k i n g  s h o u l d  be per- 
formed. Any c o n s t r a i n t  v i o l a t i o n  s h o u l d  
raise a n  e x c e p t i o n  a n d  t h e  c o r r e s p o n d i n g  
e x c e p t i o n  h a n d l e r  s h o u l d  be i n v o k e d  a t  
t h a t  t i m e ,  

R e s t r i c t i o n s  on the Interface 

R e s t r i c t i o n s ,  u n f o r t u n a t e l y .  w o u l d  
h a v e  t o  be placed o n  t h e  ca l led  H A L / S  
p r o c e d u r e .  T h e  i n t e r f a c e  s u b r o u t i n e  would 
r e s o l v e  a s  many o f  t h e  d i f f e r e n c e s  b e t w e e n  
t h e  two r u n  t i m e  e n v i r o n m e n t s  a s  poss ib l e .  
T h o s e  d i f f e r e n c e s  w h i c h  c o u l d  n o t  be re- 
s o l v e d  w o u l d  r e s u l t  i n  r e s t r i c t i o n s  on  t h e  
i n t e r f a c e .  

One r e s t r i c t i o n  w o u l d  i n v o l v e  t h e  way 
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e r r o r s  a r e  h a n d l e d .  Run- t ime e r ro r s  i n  
t h e  H A L / S  e x e c u t a b l e  c o d e  w i l l  n o t  raise 
e x c e p t i o n s  when t h e y  occur. Some o f  t h e s e  
e x c e p t i o n s  c o u l d  be r a i s e d  b y  t h e  i n t e r -  
face s u b r o u t i n e  when c o n s t r a i n t  c h e c k i n g  
is d o n e .  O t h e r  r u n - t i m e  e r r o r s  i n  t h e  
HAL/S code w o u l d  go u n n o t i c e d  a n d  t h e  
s u b s e q u e n t  e x e c u t i o n  w o u l d  be i n d e t e r -  
m i n a n t .  N o t e  t h a t  t h e  called HAL/S proce- 
P u r e  w o u l d  h a v e  t o  h a v e  a n  appropr i a t e  ON 
ERROR IGNORE s t a t e m e n t  or else t h e  H A L / S  
ccde c o u i d  m a k e  a n  u n s u p p o r t e d  o p e r a t i n g  
s y s t e m  call. 

A n o t h e r  r e s t r i c t i o n  c o n c e r n s  t h e  vi-  
s i b i l i t y  of variables.  A t  t h e  p o i n t  o f  t h e  
HAL/S p r o c e d u r e  ca l l  i n  t h e  Ada p r o g r a m ,  
scme o f  t h e  d e c l a r e d  var iables  may h a v e  
v i s i b i l i t y .  While  a n  Ada p r o c e d u r e  called 
f r o m  t h e  same p o i n t  w o u l d  be able t o  ac- 
cess t h e s e  v i s ib l e  v a r i a b l e s ,  t h e  HAL/S 
p r o c e d u r e  c o u l d  n o t .  S u c c i n t l y ,  t h e  only 
w a y  t h e  Ada program a n d  t h e  H A W S  proce- 
d u r e  c o u l d  c o m m u n i c a t e  w o u l d  be v i a  t h e  
Passed parameters. 

Y e t  a n o t h e r  r e s t r i c t i o n  w o u l d  be t h a t  
t h e  H A L / S  p r o c e d u r e  c o u l d  n o t  i n v o k e  r e a l  
t i m e  e x e c u t i v e s .  A d d i t i o n a l  r e s t r i c t i o n s  
may be t o  l i m i t  t h e  u s e  o f  Ada real  t i m e  
e x e c u t i v e s  a n d  t o  c i r c u m s c r i b e  t h e  u s e  o f  
1/0 i n  t h e  H A L / S  p r o c e d u r e .  T h e  a b o v e  t w o  
D r o p o s e d  l i m i t a t i o n s  need  f u r t h e r  i n v e s t i -  
ga t i o n .  
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C O "  

I n t e r f a c i n g  two separately d e v e l o p e d  
compilers  is a c o m p l e x  task. T h e  complex- 
i t y  a r i s e s  b e c a u s e  v e r y  f e w  d e s i g n  s t a n d -  
a r d s  e x i s t  f o r  compiler d e v e l o p m e n t .  This ,  
c o u p l e d  w i t h  t h e  many complicated d e s i g n  
d e c i s i o n s  i n h e r e n t  i n  compiler c o n s t r u c -  
t i o n ,  v i r t u a l l y  g u a r a n t e e s  n o n c o m p a t i b i l -  
i t y .  T h e  i n t e r f a c e  s u b r o u t i n e  which would 
l i n k  t h e  t w o  d i f f e r e n t  r u n  t i m e  e n v i r o n -  
m e n t s  w o u l d  r e s o l v e  as many of t h e  dis- 
similari t ies a s  p o s s i b l e .  T h e  d i f f e r e n c e s  
t h a t  c o u l d  n o t  be r e s o l v e d  w o u l d  be re- 
s p o n s i b l e  f o r  t h e  r e s t r i c t i o n s  p l a c e d  on 
t h e  i n t e r f a c e .  Albe i t  r e s t r i c t i o n s  w o u l d  
e x i s t ,  t h e  r e s u l t i n g  i n t e r f a c e  may be w e l l  
wor thwhi le .  
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